When the wing is treated as a composite sandwich plate and it is assumed that the wing chordwise section is rigid, mathematical formulations for the stiffened composite multicell wing structures are provided, and associated governing equations for the aeroelastic divergence are also derived by a direct approach. When the matrix notation is used, the system of equations is written into an explicit and simple mathematical expression that can then be solved explicitly by using the technique of Laplace integral transform. In this modeling, the composite wing skins and stringers (including the spar anges) are simulated as the faces, whereas the spar webs and ribs are simulated as the core of the sandwiches. Because the wing cross section must have a streamline shape, unlike the usual uniform thickness modeling, it is more appropriate to simulate the wings as variable thickness sandwiches where the thickness is a function of the airfoil. Moreover, as is usual for assumptions for the sandwich plates, the effects of the transverse shear deformation are also considered. Because several special conditions have been studied in the literature, we rst compare our solutions with some existing solutions. To show the generality, several illustrative examples are given to consider the effects of spars, skins (including the ply orientation and stacking sequence), stringers, swept angles, aspect ratio, shape of airfoil, and the warping restraints on the divergence dynamic pressures and the lift loads redistribution.
Introduction
T HE fundamental work concerningthe divergenceinstability of swept metallic wings was done about 50 years ago. 1 It was shown that bending de ections have a destabilizing effect on the sweptforward wings. Hence, the sweptforward wing aircraft as a possible option was completely eliminated for a long time, until the aeroelastic tailoring concept for the composite wing structures was raised and studied by Krone.
2 Following his work, many different approachesand considerationshave been studied, such as the works done by Lerner 10 All of these results support that a composite sweptforward wing can be tailored to overcome this adverse instability phenomenon.
Most of the governing equations provided in the literature are obtained from Hamilton's variational principle. Because of the complexity of the formulation, it is dif cult to see any physical indication purely from the complicated mathematical equations. Hence, it is not easy to extend the formulation to more realistic wing structures such as stiffened multicell wings that are composed of the skins, stringers, ribs, and spars. In this paper, a direct approach using the equilibrium equations for the composite sandwich plates proposed by Hwu and Hu 11 and Hu and Hwu 12 was employed to formulate the problems. The nal mathematical formulation turns out to be a rather simple equation and can be proved to be equivalent to those derived in the literature. Because of its simplicity, the physical meaning of each equation is clear and, hence, is easy to be used to consider more complicated structures such as nonuniform stiffened composite multicell wings discussed in this paper. Moreover, the important factors, such as the warping restraint, transverse shear strain, shape of airfoil, as- pect ratio, swept angle, ber orientation, ply stacking sequence, stringers, and spars, are all included in our formulation without adding too much complexity. The solving of the aeroelastic divergence is then performed by the equation written in an explicit matrix form.
Formulation of Composite Sandwich Plates
The primary functionof the wing structureis providingthe lift for an aircraft, which is governed by the aerodynamic consideration.In addition to the aerodynamic pressure, there are other forces resisted by the wing structures such as the weight of the structures, fuels, engines, undercarriage system, and/or possible carried weapons, the thrust of engines, etc. To sustain these loads, the wing structures are usually designed as that shown in Fig. 1 , which consists of axial members in stringers,bending members in spars, shear panels in the cover skin and spar webs, and planar members in ribs. If the cover skin of the wing is made of the composite laminates, the entire wing structure may be simulated by a composite sandwich plate in which the wing skins and stringers (including the spar anges) are simulated as the faces, whereas the spar webs and ribs are simulated as the core of the sandwiches. Because the wing cross section must have a streamline shape commonly referred to as an airfoil section, the thickness of the sandwich will not be a constant but a functionof the airfoil. Moreover, as the usual sandwich assumptions, the thickness is not too small to neglect the transverse shear deformation. Based on these considerations, a mathematical model for the composite sandwich plates proposedby Hwu and Hu 11 will be applied in this paper. For completeness,and for the convenienceof the readers, we now list the basic equations for the composite sandwich plates.
Displacement Fields
Like the Euler's beam theory, the classical plate theory is derived based on Kirchhoff's hypotheses 13 that the transverse shear deformation is negligible. The generalization of the classical plate theory with respect to the effect of transverse shear deformation is substantiallydue to Reissner.
14 In this theory, the displacement eld u; v, and w is assumed to be a linear function of z, where z is the coordinate in the thickness direction, that is,
where u 0 ; v 0 , and w 0 are the midplane displacementsin the x; y, and z directions, and¯x and¯y are the rotation angles with respect to 242
